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Fig. 1. Analysis of synovial ﬂuid concentrations of FRZB (a) and GREM1 (b)
from patients with acute and chronic knee injuries, and from knee healthy
subjects. The boxes deﬁne the 25th and 75th percentile with a line at the
median, error bars deﬁne the 10th and 90th percentile and circles represent
individual outliers. Ref, knee healthy reference. AI, acute injury (0-77 days
after injury). CI, chronic injury (1-37 years after injury). *, p < 0.05.
Abstracts / Osteoarthritis and Cartilage 23 (2015) A26eA81A40inhibiting the Wnt signaling pathway. Similarly, high synovial ﬂuid
levels of GREM1 in injured knee joints (acute and chronic) suggests of
an effort to maintain cartilage homeostasis by inhibiting BMP signaling.
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RECRUITMENT OF ENDOGENOUS CHONDROGENIC PROGENITOR
CELLS FOR ARTICULAR CARTILAGE REPAIR
Y. Yu, D. Seol, B. Marc, H. Zheng, J. Buckwalter, J. Martin. Univ. of Iowa,
Iowa City, IA, United States
Purpose: Stem cell-based treatments have been explored for enhancing
articular cartilage repair in degenerating joint disease, like post-
traumatic osteoarthritis (PTOA). Various cell sources like mesenchymal
stromal cells, adipose-derived stem cells, have been used, and shown
great potential in this regard. Our previous study has identiﬁed chon-
drogenic progenitor cells (CPCs) from the surface of articular cartilage
after focal injury. These cells, which are intrinsic to cartilage can be
induced to repopulate acellular scaffolds, and then primed towards
chondrogenic differentiation restore cartilage integrity. Here, we're
trying to enhance recruitment of CPCs for repair full thickness cartilage
defect in an in vitro bovine osteochondral explant model.
Methods: 12mm diameter bovine osteochondral explants were har-
vested from mature adult cattle. 4mm full thickness defect was made
with biopsy punch. An interpenetrating polymer network (IPN) com-
posed of ﬁbrin and hyaluronic acid was fabricated with reasonable
mechanical stability. Stromal cell derived factor 1 (SDF-1) was added
into ﬁbrin precursor solution before IPN fabrication with a ﬁnal con-
centration of 200ng/ml. Fluorescent confocal imaging was taken at
different time point to record cell migration. After 10 days, explants
underwent chondrogenic differentiation up to 5 weeks. Safranin O/Fast
green staining and type II collagen immunohistochemistry (IHC)
staining were taken to evaluate regenerated cartilage. Repair tissue was
also evaluated ultrstructually and biomechanically.
Results: SDF-1 loaded IPN displayed signiﬁcantly more CPCs migration
towards focal defect, with 16.76 ± 1.6 cells/mm2 compared with IPN gel
only, which had 4.83 ± 0.6 cells/mm2 (Figure 1). Subsequent treatment
with 10 ng/ml TGFb-1 and 100 ng/ml IGF-1 in culturemedium every day
for 3-4 weeks stimulated the formation of tissue with sulfated glyco-
saminoglycan (sGAG) and water content comparable to normal carti-
lage. SDF-1 loaded IPN displayed massive PG deposition, closely
resemble native cartilage. Moreover, nearly complete bridging of the
defect by well-regenerated cartilage tissue. IPN gel only showed limited
positive staining for Safranin O, and only loosely formed patch of new
Summary of mechanical properties
Sample Maximum
stress kPa
Equilibrium
stress kPa
Young's
Modulus kPa
Maximum
force N
Native Cartilage 152.4 16.4 1228.1 1.9
stdev 11.1 1.9 158.3 0.3
Neo-Cartilage 98.7 5.9 746.7 1.2
stdev 22.7 0.9 82.3 0.1
Native/ Neo 1.5 2.7 1.6 1.5
Abstracts / Osteoarthritis and Cartilage 23 (2015) A26eA81 A41cartilage (Figure 2). A customized cartilage ﬁxation device was used to
measure integration strength (Figure 3). The test proceeded through the
full depth of the tissue, and the maximum force recorded was divided
by the area of integration to determine the integration strength. Good
adhesion with surrounding cartilage was conﬁrmed by push-out tests,
which gave interfacial strength values of 158 þ/- 82 kPa for SDF-1-
treated defects (Figure 3) All 4 material property measurements
(maximum and equilibrium stress, Young's modulus, and maximum
force) were similar in neocartilage than in native cartilage (Table 1).
Conclusions: We have developed a cartilage repair strategy that
exploits the regenerative potential of endogenous chondrogenic pro-
genitor cells. The matrix formed by these cells is similar in composition
to native cartilage and strongly adheres to surrounding tissues. In
addition, neocartilage is functional, and has mechanical properties
comparable with native cartilage. Future studies are needed to for
optimization when translated to in vivo system.29
AN AGGRECAN 32-MER FRAGMENT GENERATED IN OSTEOARTHRITIS
DIRECTLY EXCITES NOCICEPTIVE NEURONS
R.E. Miller y, R.J. Miller z, A. Belmadani z, S.B. Golub x, A.J. Fosang x,
A.-M. Malfait y. yRush Univ. Med. Ctr., Chicago, IL, United States;
zNorthwestern Univ., Chicago, IL, United States; xUniv. of Melbourne,
Parkville, Australia
Purpose: An early event in the pathogenesis of osteoarthritis (OA) is
cleavage of aggrecan in the interglobular domain (E373-374A) by
ADAMTS-4/5. Further cleavage by MMPs (N341-342F) releases a 32-
amino-acid fragment (32-mer). We have previously shown that this 32-
mer fragment is a TLR2-dependent damage-associated molecular pat-
tern (DAMP) molecule in chondrocytes, synovial ﬁbroblasts and in
peritoneal macrophages. Here, we hypothesized that the 32-mer
aggrecan fragment may activate nociceptors, thus contributing to OA
joint pain. We investigated the effects of the 32-mer on primary cul-
tures of dorsal root ganglia (DRG) cells and in DRG explants.
Methods: Knee-innervating DRG cells (L3-L5) were acutely isolated and
pooled from 4 adult C57BL/6 wild-type, Tlr4-null, or Tlr2-null mice and
cultured in neurogenic medium. Direct interactions of the 32-mer with
DRG neurons were monitored by examining its effects on intracellular
calcium (Ca)i or the expression of the pro-algesic chemokine MCP-1. For
Ca mobilization assays, cells were loaded with Fura-2, and responses to
synthetic mouse 32-mer (FFGVGGEDDITIQTVTWPDLELPLPRNVTEGE)
or to scrambled peptide were recorded in >100 neurons. For MCP-1
stimulation assays, cells were treated overnight with 32-mer (0.3-30
mM) or with scrambled peptide. Supernatants were collected for ELISA
of MCP-1. MCP-1 was chosen as a marker of activation because we have
previously shown that this is an important mediator of pain in exper-
imental OA.
For ex vivo imaging assays, intact DRG explants (L4 or L5) were isolated
from Pirt-GCaMP3 mice. These mice express the ﬂuorescent calcium
indicator, GCaMP3, in ~90% of all sensory DRG neurons, and not in other
peripheral or central tissues, through the Pirt promoter. Explants were
placed in a perfusion chamber within artiﬁcial cerebrospinal ﬂuid and
imaged using a spinning disk confocal microscope at the 488 nm
wavelength. Explants were stimulated by injecting 10 mL of solution
containing 1 mM 32-mer into a continuously running perfusion
chamber with a volume of 1 mL. Image analysis was performed using
ImageJ to determine change in ﬂuorescence intensity with time.
Results: Cultured DRG neurons rapidly responded to 32-mer peptide,
but not scrambled control peptide, as indicated by increased (Ca)i in
19% of neurons. This suggests that DRG neurons express excitatory
receptors for this protein fragment. The majority of 32-mer responses
were seen in small-to-medium-diameter neurons (nociceptors) that
were also responsive to capsaicin, which demonstrates that TRPV1-
expressing nociceptors are capable of responding to 32-mer. In order
to show that 32-mer responses are not an artifact of cell culture,
calcium imaging was also performed using intact DRG from Pirt-
GCaMP3 mice. Within DRG explants, 7% of neurons were able to
respond to 32-mer peptide, while scrambled peptide elicited no
responses.
Overnight stimulation of cultured DRG cells with either 3 or 30 mM 32-
mer peptide resulted in signiﬁcant upregulation in MCP-1 protein
production compared to unstimulated cells (3.1-fold (3 mM) and 3.5-
fold (30 mM), p<0.001). The highest concentration of scrambled peptide
(30 mM) did not induce MCP-1 production (0.8-fold, p¼0.09 vs
unstimulated).
In order to investigate which receptor may be mediating the upregu-
lation ofMCP-1, DRG cells were cultured from Tlr2 null or Tlr4 null mice.
Stimulation with 32-mer peptide (3 mM) produced increased MCP-1 in
Tlr4 null DRG cells compared to unstimulated cells (3.3-fold, p<0.01),
